The growing scarcity of fresh water has motivated the use of non-conventional and re-used water resources for agriculture by applying some efficient technologies. The desalination technologies for agricultural irrigation play a major role in satisfying growing water demands in water scarce regions.
INTRODUCTION
Seawater desalination is playing an important role in addressing the challenge of global water scarcity. The most important drivers for water scarcity are growing water demands due to population growth and economic development, and increased per capita consumption of goods and services (Vorosmarty et al. ) . The total global water demand is dominated by agricultural use (70%) followed by industrial use (21%) and domestic use (9%). Limited water resources have enforced the use of low-quality irrigation water. Using low-quality irrigation water may reduce crop yields and damage the environment, soils, and aquifers. Therefore, with increasing water scarcity, development of efficient water sources for agricultural use is the major challenge that the growing population is currently facing. There are two desalination technologies which are dominant in the production of water for agriculture and these are brackish water reverse osmosis (RO) and seawater reverse osmosis (SWRO). SWRO has emerged as the more advanced and leading technology due to better product water quality, lower energy requirements and hence lower cost of water compared to thermal desalination technologies (Shaffer et al. ; Domingo et al. ) .
Treated wastewater is the other source of water for agriculture and the technology most commonly employed for this treatment is desalination. However, the efficiency of desalination technologies in terms of costs and energy requirements is considered as a barrier to its implementation in agricultural use (Greenlee et al. ; Shaffer et al. ) . A proper balance between crop value and the total desalination cost is essential to make use of the technology on a large scale. This paper discusses the issues, benefits, and features of desalination technologies in agriculture. It covers the chemistry of plant nutrients, irrigation systems, the desired quality of water for agriculture, the available water resources and existing desalination technologies to fulfil the water demand in agriculture. Further, the features, cost factors, opportunities and challenges of desalination technologies in a number of different countries are discussed.
FEATURES OF DESALINATION FOR AGRICULTURE
One of the important features of desalination for agriculture is the feed water quality. The use of saline water for irrigation increases the salinity of soil if sufficient care is not taken to leach the attached salts from the plant roots. The additional amount of water required for leaching depends on the salinity of the irrigation water and the specific salt tolerance of the crop to be irrigated. Generally, seawater is most promising resource for desalination in the future due to its enormous availability. Also, the production of desalinated water for agricultural purposes can be augmented if the production cost of the process is optimized.
Water quality and plant chemistry
The selection of a suitable desalination technology for agricultural use depends upon the type of crop and its water quality requirement. According to Birnhack et al. () the recommended quality parameters to be considered when using desalinated water for combined agricultural and municipal uses are: electrical conductivity (EC), con- 
Effect of salinity
The high salinity of the irrigation water is one of the causes of low productivity of the crops. The use of highly saline water for agricultural use (>100 ppm) commonly leads to deposition of sodium ions at the plant roots which act as an inhibition layer for the uptake of nutrients. This will cause water stress for the plant and it will no longer be able to extract water from salty soil. If water uptake is appreciably reduced, the plant slows its rate of growth. The lack of nutrients makes the crops very susceptible to disease and low yields. High sodium concentrations in soil can cause deterioration of the physical condition of the soil;
for example, by waterlogging, the formation of crusts, and reduced soil permeability (Nable et al. ) . It is necessary to adjust the sodium adsorption ratio (SAR), related to modification of soil structure and impermeabilization. The optimum salinity for many crops (almond, orange, pepper, lettuce, cucumber, tomato, broccoli and celery) is below 2 mS/cm. Any increase reduces productivity, which becomes almost zero at 4.5-5 mS/cm. The ions such as chlorides, boron, nitrates and ammonium will contribute to the salinity of irrigation water. and measured by the incubation of a water sample over a specified period (usually five days) at a constant temperature of 20 C in the dark. BOD is an important water quality parameter because it provides an index to assess the effect discharged wastewater will have on the receiving environment. The higher the BOD value, the greater the amount of organic matter available for oxygen consuming bacteria.
Chemical oxygen demand is the amount of oxygen consumed in the oxidation of organic compounds by strong oxidizing agents. Though there are several methods, because of the influence of the salts, the alkaline potassium permanganate method is widely used in seawater monitoring and investigation. The amount of dissolved oxygen in streams is dependent on the water temperature, the quantity of sediment in the stream, the amount of oxygen taken out of the system by respiring and decaying organisms, and the amount of oxygen put back into the system by photosynthesizing plants, stream flow, and aeration.
The high nitrogen concentrations in the water supply nitrogen to the crop and may cause excessive vegetative growth, lodging, and delayed crop maturity. The unsightly deposits on fruit or leaves is due to overhead sprinkler 
Water infiltration rate
The variation of the water infiltration rate in soil is one of the major factors affecting plant growth. It depends on the structure of the soil and a low infiltration rate causes water to remain on the soil surface for a long time leading to a slow supply of water to the internal parts of the plants. Water salinity is mainly due to sodium, calcium and magnesium, and ionic concentrations decide the infiltration rate. High salinity water will increase infiltration by weakening the soil structure due to the accumulation of sodium at the surface. This leads to further deterioration of the soil particles, mainly due to calcium ions which lead to the clogging of soil pores with time.
Toxic effect of boron
The concentration of ions in soil or water can have a major toxic effect on plants. Toxicity is mainly due to toxic ions present in water or soil and their uptake into plants above a certain concentration lead to crop damage or yield reduction (Stamatis et al. ) . The ions of primary concern are boron, chloride and sodium. Generally, the boron concentration in seawater is between 4 and 6 mg/l and its concentration varies in groundwaters. Boron is toxic (BenGal & Shani ) and the boron concentration in irrigation water should be 0.4 mg/l. The boron tolerance of different crops based on its concentration in water is summarized in Table 3 . The removal of boron by RO is highly affected by its charge since boron is neutral in its boric acid form at seawater pH. However, the net boron rejection by a selected RO membrane is highly dependent on the boric acid/ borate ion ratio in the seawater (Hilal et al. ) .
Types of irrigation systems
Irrigation is the artificial application of water to plants in controlled amounts at desired intervals. There are different methods of irrigation based on the techniques used to supply water to the plants. In the first type, surface irrigation, water is applied and distributed over the soil surface by gravity. It is the most common form of irrigation throughout the world. Surface irrigation is often referred to as flood irrigation, implying that the water distribution is uncontrolled and therefore, inherently inefficient. Surface irrigation comes in three major types; level basin, furrow and border strip.
A second type, sprinkler irrigation, consists of devices used to irrigate agricultural crops, lawns, landscapes, golf courses, and other areas. Sprinkler irrigation is a method of applying irrigation water which is similar to natural rainfall.
Water is distributed through a system of pipes usually by pumping. It is then sprayed into the air through sprinklers so that it breaks up into small water drops which uniformly fall to the ground.
The third type, drip irrigation, is the system where water is spread directly onto the root system of the plant and is a water sensible irrigation system. Drip irrigation needs to run for 30 min for it to take effect. Pipes with 
DESALINATION FOR AGRICULTURE: RESOURCES AND CHARACTERISTICS
Similar to potable water the demand for agricultural water is common in most countries. It is directly linked to providing good quality food in sufficient quantity. Water scarcity and continuous reduction in its quality continue to be one of the major threats to agricultural production, especially in the Mediterranean basin, arid and semi-arid regions 
Seawater desalination for agriculture
Seawater is the largest source of water and it contributes 97% of the total water on earth. The salinity of seawater is generally in the range of 35,000 ppm total dissolved solids (TDS). The concentrations of other ions in seawater linked to agriculture are presented in Table 1 . Though usage of saline water is common in agriculture, it should fulfil three important criteria. First, it must be desalted using a costeffective technology, secondly, yields should be high enough to balance the ratio between the yield to expense ratio and thirdly, suitable research should be carried out to 
DESALINATION TECHNOLOGIES FOR AGRICULTURAL USE
Generally, desalination of saline water is a multi-step process. Pretreatment and post-treatment are the main steps influencing the quality of the product water. In post-treatment, the desired amount of nutrient ions will be added to maintain the quality of the product water. Thermal and membrane desalination technologies are commonly used for agricultural requirements.
Thermal distillation was the first desalination technology in which saline water is distilled into steam, and then into pure water by condensation. Thermal distillation is the most common technology with ∼21% of the total desalinating facilities in the world. The other technologies currently in use for agriculture are electrodialysis (ED) and RO. However, thermal based distillation technologies consume more energy than RO while ED is effective only when the feed water is brackish water. Currently, RO desalination is the accepted technology for irrigation world-wide due to drastically reduced process costs and high quality of the product water.
RO desalination for agriculture
As discussed above, RO is considered as the future for agricultural water production. The energy requirement always remains a crucial constraint for desalination since energy constitutes up to 75% of the total operational cost of a seawater RO desalination plant (Semiat ; Gude ; Phuntsho et al. 
).

Shaffer et al. () demonstrated that the integrated FO
and RO process has the potential to achieve stringent product water quality requirements while consuming less energy than a conventional seawater RO facility. The schematic presentation of a typical FO/RO integrated system is presented in Figure 1 , where FO acts as a pretreatment step for the subsequent RO process. Linares et al. () demonstrated that this process has the potential to achieve In their experiments, most of the fertilizers were able to achieve nutrient concentrations lower than acceptable nutrient concentrations for direct fertigation. However, if the nutrient concentration was found to be high in DS, the authors suggested NF post-treatment as being more advantageous to attain reduced nutrient concentrations in the final product water with less energy consumption. 
DESALINATION FOR AGRICULTURE IN DIFFERENT COUNTRIES
The total production of desalinated water is increasing across the world. However, for agricultural purposes the volume of desalted water is low (only 2-3%) compared to world water 
DESALINATION FOR AGRICULTURE: OPPORTUNITIES AND CHALLENGES
Desalination was only used to provide domestic and industrial supplies during its early stage of invention. Once this technology had been improved, its application was extended to other sectors, especially to agriculture. Desalination for agriculture has advantages as it utilizes non-conventional and unlimited water resources which do not depend on the weather, increases agricultural productivity and product quality, reduces water consumption and has a less negative impact on soils and crops in comparison with direct use of seawater or brackish water.
Cost factor
The cost of desalinated water is still too high compared to 
Environmental impacts
Although desalination is the only additional source of fresh water in the future, it has significant environmental impacts.
The problem of brine management and its discharge are considered as environmental effects of desalination for agriculture. The high salinity of brine from seawater The brine which is a byproduct of RO desalination generally has a great impact on environmental pollution. It must be diluted before injecting back into the sea. The water recovery of the RO process for seawater will be in the range of 30-40%. That means the remaining 60-70% brine will be treated or discharged back into the natural resources like the sea.
Such a discharge has a significant effect on the seawater habitat, flora and fauna. The other chemicals that are used during the RO desalination process should be treated to remove environmental impacts (Sadhwani et al. ) . The other unfavorable impact on the environment is the production of CO 2 during the desalination process since these processes are run by the consumption of energy from fossil fuel.
CONCLUSIONS
The sources of desalinated water for agriculture, such as seawater and brackish water are abundant resources on earth.
However, direct implementation of these waters for agricultural use is not recommended due to the high salinity associated with these sources. The current desalination technologies in agriculture will continue to be researched, and innovations will become less expensive and hopefully lead to In the near future, fresh water scarcity will become a major threat for water rich countries too. Therefore, desalination for agriculture should be considered as an option for water supply only where no other resources are available at a reasonable cost. With continued research, wastewater desalination for agriculture may become less expensive, more environmentally friendly and hopefully lead to more desalination plants world-wide.
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